Introduction. Cesarean deliveries are the most common abdominal surgery procedure globally, and the optimal way to suture the hysterotomy remains a matter of debate. The aim of this study was to assess the incidence of cesarean scar niches and the depth after single-or double-layer uterine closure. Material and methods. We performed a randomized controlled trial in which women were allocated to three uterotomy suture techniques: continuous single-layer unlocked, continuous locked single-layer, or double-layer sutures.
term "niche" was introduced by Monteagudo et al. (5) and reflects the presence of a sonographic hypoechogenic structure at the presumed site of hysterotomy due to an incompletely healed uterine scar. Reports of the incidence of niches have produced conflicting results (6) ; in fact, the rates varies between 6.9 and 69% (7, 8) . However, the presence of niches may be associated with gynecological complaints (9) and obstetrical complications in subsequent pregnancies (10) . There is a lack of evidence of cesarean scar niche being associated with an increased risk of uterine rupture in a trial of labor. Moreover, the optimal strategy for suturing the uterus after cesarean delivery remains a matter of debate. It is possible that incomplete closure of the uterine wall due to the use of the single-layer, endometrial-saving closure technique (11) or to the use of locking continuous sutures instead of interrupted sutures may result in more frequent and larger cesarean scar niches (12) .
The aim of this randomized controlled trial (RCT) was to use transvaginal ultrasound within 2 years after cesarean delivery to assess the incidence of cesarean scar niche and depth after the random use of single-or double-layer uterine closure.
Material and methods
From January 2012 to March 2013, we studied pregnant women in this RCT who gave birth at the Department of Obstetrics, Charit e University Hospital, Berlin, Germany. The study design, including the sample size calculation and randomization process, was described in detail previously (13) . The study was conducted to evaluate cesarean scar thickness after different types of uterotomy closure. The present study is a secondary analysis of the incidence of cesarean scar niche, niche depth and the corresponding cesarean scar thickness. Informed consent was obtained from all patients. Enrollment was undertaken at the booking visit for elective cesarean delivery or before nonemergent cesarean section during labor. The gestational age at delivery was between 24 and 41 weeks. Information was collected on maternal age, body mass index, parity, prior cesarean deliveries and multiple gestations.
The participants were randomized to one of three uterotomy suture techniques: continuous single-layer unlocked suturing, continuous single-layer locked suturing or double-layer suturing in which the first layer was continuous and unlocked, and a second, continuous nonlocking imbricating layer was applied over the first suture. In all closure types, the first layer suture penetrated the full thickness of the myometrium, including a narrow band of the endometrial layer.
We routinely used the Misgav-Ladach technique during cesarean deliveries. This method includes a restriction on the use of sharp instruments, preferring manual manipulation and abandoning unnecessary steps. Advantages are quicker recovery, with less use of postoperative antibiotics and analgetics. Furthermore, a shorter working time for the operative team and less blood loss have been shown (14) . Low transverse hysterotomy was repaired using Vicryl 1.0, (Ethicon, Somerville, NJ, USA). Hemostatic sutures were placed in case of bleeding. All patients received prophylactic, preoperative antibiotics (cefuroxime 1.5 g). The women were invited for sonographic follow-up examinations six weeks and 6-24 months after delivery. We examined the patients via transvaginal ultrasound (GE E8 system, 5-9 MHz transducer, GE Healthcare, Milwaukee, WI, USA) with an empty maternal bladder using standard procedures. The first author, who has more than 10 years of obstetrical ultrasound experience, evaluated the cesarean scars in 90% of the women. On the midsagittal view, the scar was identified by a discontinuity in the architecture of the uterus and appeared as a hypoechogenic line (15) . For women who had undergone multiple cesarean sections, the scar closest to the fundus was taken as representative of the investigated case (16) . A niche was defined as any anechogenic area at the site of the cesarean scar with a depth of at least 1 mm (17). The niche depth was evaluated perpendicular to the uterine wall and was measured as the shortest visible distance between the apex of the niche and the delineation of the endometrium. The obstetrician who performed the sonography was blinded to the allocation group and the suture technique used to closure the uterotomy. Niche evaluation was performed retrospectively offline using digitally stored images that were initially obtained for cesarean scar thickness measurements.
Statistical analysis
The results are presented as raw numbers, rates or means AE standard deviation (SD), and normal distribution was confirmed using Kolmogorov-Smirnov testing. Analyses were performed on an intent-to-treat basis. The primary outcomes were additionally evaluated according to the suture technique used. For categorical variables, the three groups were compared using Fisher's exact test as appropriate. One-way ANOVA was performed for continuous variables. All reported significance was two-tailed at a level of 0.05. Statistical analyses were performed using IBM SPSS STATISTIC Version 22 (IBM Corp., Armonk, NY, USA).
Ethics approval
The study protocol was approved by the local medical Ethical Committee (EA1/149/11) and was registered at Clinicaltrials.gov (NCT02338388). 
Results
A total of 435 women were included in the study. The patients were unevenly distributed in the treatment groups because not all patients received the allocated closure type (Figure 1) . Table 1 summarizes the baseline maternal and pregnancy-related characteristics.
We performed the first transvaginal ultrasound follow up in 176 women and looked for cesarean scar niches. The mean time interval between operation and this ultrasound was 7.4 AE 1.7 weeks. There were no significant differences in the niche incidence (p = 0.52), which was 40% in the single-layer unlocked group, 32% in the single-layer locked group and 43% in the double-layer closure group. The mean AE SD niche depth was 3.0 AE 1.4 mm after single-layer unlocked closure, 3.6 AE 1.7 mm after single-layer locked closure and 3.3 AE 1.3 mm after double-layer closure (p = 1.0). The second ultrasound follow up was performed in 189 women 8.3 AE 3.9 months after delivery. The incidence of cesarean scar niches was not significantly different (p = 0.58) in the three groups: 30% after single-layer unlocked closure, 23% after single-layer locked closure and 29% after double-layer closure. Further, the mean AE SD niche depth was 3.1 AE 1.5 mm after single-layer unlocked closure, 2.8 AE 1.5 mm after single-layer locked closure and 2.5 AE 1.2 mm after double-layer closure (p = 0.61). The residual myometrium showed a trend (p = 0.06) towards being thicker after double-layer repair at the second ultrasound follow-up (Table 2) . A total of 124 women had both ultrasound follow ups. In the longitudinal evaluation, the niche resolved between the first and second scan in 25 out of 68 (36%) women, whereas nine of 108 (8%) women developed a niche between the two ultrasound examinations (Figures 2 and 3) . The additional "as-treated" analyses confirmed the "intent-totreat" results (data not shown).
Discussion
This RCT showed that the cesarean scar niche incidence and niche depth was independent of uterine closure type six weeks and 6-24 months after cesarean delivery. However, after double-layer uterotomy repair in women with a niche, there was a trend towards the residual myometrium having a thicker scar. We reported previously that in women with an elective cesarean and in women with a primary cesarean section, the cesarean scar thickness after two-layer closure was significantly thicker than with onelayer unlocked sutures at least six months after delivery (13).
Our observations of niche incidence at the second follow-up scan are consistent with the data of Bi de Vaate et al. (17) , who conducted an observational prospective cohort study of 225 women with a previous cesarean section. All women underwent transvaginal ultrasound 6-12 months after the operation, and a niche with a depth of at least 1 mm was found in 24%.
A limited number of studies have evaluated the relation between uterine closure technique and niche incidence. Three different suture types were prospectively investigated in 137 women undergoing elective primary cesarean sections (18) . One month after surgery, they observed the lowest incidence of cesarean scar defects with doublelayer closure technique (5.6%). In comparison, 34% of the participants developed niches after single-layer repair.
Concerning single-layer locked vs. unlocked closure, Turan and coworkers (19) reported that three months after cesarean delivery, the niche was significantly thinner following an unlocked closure technique than after a locked technique. These results are not consistent with our data. However, the study design and study Table 2 . Sonographic parameters in women with a cesarean scar niche as evaluated at the first and second ultrasound follow ups at six weeks and 6-24 months post-delivery according to the allocated closure type. population in the Turan study were not comparable with this work. Very recently, Di Spizio Sardo et al. conducted a systematic review and meta-analysis of five RCTs that compared the effect of single-and double-layer closure during cesarean delivery on niche incidence in a total of 350 women (20) . Participants who received single-layer closure had a similar risk of niche compared with women who had double-layer closure (25.5% vs. 43%; RR 0.77, 95% CI 0.36-1.64). However, due to "imprecision" and "indirectness", the review concluded that the results had a low-quality of evidence, mainly because the cesarean scar evaluation was performed inconsistently. In summary, the meta-analysis revealed some major limitations in the RCTs: different niche definitions, different uterotomy closure techniques, a variety of imaging modalities for determining the cesarean scar remodeling at different follow-up time points and heterogeneity in the study population.
The current study has several strengths: its randomized study design, its setting at a single tertiary care center, the large number of women included, and having one experienced sonographer perform most of the examinations who was blinded to the uterine closure technique. Uterine scar evaluation was performed in a standardized way in non-pregnant women and exclusively by transvaginal ultrasound. Furthermore, the follow-up time was at least six months after cesarean delivery, to ensure that healing of the uterine scar was complete. In addition, we evaluated scar remodeling after locked vs. unlocked single-layer closure.
This work has some limitations as well. A total of 55-60% of patients were lost to follow up. In view of this, the results should be interpreted with caution. The sample size calculation was performed to evaluate the residual myometrium thickness and not niche incidence differences. Due to crossover and missing outcome data, the interpretation of the intention-to-treat analysis is limited. Therefore, niche incidence and niche depth were also analyzed on an as-treated basis. The study population at ultrasound follow-up examinations was not evaluated according to gynecological complaints, such as postmenstrual spotting, that may be associated with cesarean scar defects (17) . We used two-dimensional ultrasound retrospectively to evaluate the prevalence and depth of niches only in the midsagittal plane.
In conclusion, here we longitudinally examined uterine cesarean scar remodeling by transvaginal ultrasound in the first two years after single-or double-layer closure. To our knowledge, this is the largest RCT in this field. Our results suggest that cesarean scar niches were present in 28% of the women at least six months after surgery independent of the technique used to suture the hysterotomy. From a clinical point of view, we do not yet know whether a niche affects any later gestations. The niche depth was not significantly different for different closure types, but the residual myometrium showed a trend towards being thicker after double-layer suture. It is not clear whether this is beneficial for subsequent pregnancies.
